Vascularization of the enamel organ was demonstrated in the developing upper first molar teeth of rats from the 19-day embryo to 5 days after birth employing the vascular casting/ scanning electron microscope method. Capillaries were first observed in the enamel organ at the 21-day embryo. By that time, with the beginning of differentiation of the inner enamel epithelium into ameloblasts, mesenchymal cells situated in close proximity to the inner enamel epithelium had begun to differentiate into odontoblasts, but deposition of organic substances had not commenced. The occurrence of blood capillaries before the nutritional supply through the dental papilla was interrupted by the deposition of dentin and enamel, may possibly be due to the high nutritional requirements of the ameloblasts following differentiation from the inner enamel epithelium. With the advance of dentin and enamel formation, many capillaries entered the enamel organ and finally formed a flattened vascular network next to the stratum intermedium.
Summary:
Vascularization of the enamel organ was demonstrated in the developing upper first molar teeth of rats from the 19-day embryo to 5 days after birth employing the vascular casting/ scanning electron microscope method. Capillaries were first observed in the enamel organ at the 21-day embryo. By that time, with the beginning of differentiation of the inner enamel epithelium into ameloblasts, mesenchymal cells situated in close proximity to the inner enamel epithelium had begun to differentiate into odontoblasts, but deposition of organic substances had not commenced. The occurrence of blood capillaries before the nutritional supply through the dental papilla was interrupted by the deposition of dentin and enamel, may possibly be due to the high nutritional requirements of the ameloblasts following differentiation from the inner enamel epithelium. With the advance of dentin and enamel formation, many capillaries entered the enamel organ and finally formed a flattened vascular network next to the stratum intermedium.
These findings suggest that the capillaries in the enamel organ should be regarded as a change which affords a rapid and sufficient supply of metabolic substances necessary for amelogenesis.
The newly developed capillaries in the enamel organ grew first by sprouting and later by loop formation.
Vascularization of the enamel organ was first described by Addison and Appleton (1922)1) in the developing molar teeth of rats. Subsequently, many researches have investigated the blood capillaries of the enamel organ in variousmammals2 '458,19) However, the three-dimensional microvascular architecture of the enamel organ has not yet been fully elucidated.
The purpose of the present study was to clarify the three-dimensional microvasculature of the rat enamel organ employing the vascular casting/scanning electron microscope method introduced by Taniguchi et al.
(19521°, 195517)) and modified by Murakami 97 on).
Materials and Methods
Young pregnant female Wistar rats were used. The onset of pregnancy was determined by vaginal smearing. The day of finding sperm in the smear was designated as day 0 in the dating of all embryos, and the day of birth was designated as day 0 in the dating of all infants. In this way, day 19 and 21 embryos and day 1 and 5 infants were obtained.
The animals were anesthetized by intraperitoneal injection of pentobarbital sodium 99 and perfused through the ascending aorta with Ringer solution followed by 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7 .4). Mercox (Dainippon-ink Co., Ltd.), which had been diluted with 25% monomeric methyl methacrylate ester13), was then injected under moderate pressure (ca. 10 ml/min). After the animals had been left at room temperature for 5 hrs to allow the resin to polymerize , the upper jaws were removed with a razor blade . They were digested in 20% KOH at 40°C for 24-48 hrs and washed thoroughly in running tap water for 12 hrs. The cast specimens were then freeze-cracked with a razor blade and freeze-dried. After drying, the casts were mounted on specimen holders with a conductive silver paint (Dotite), coated with gold in an ion sputter coater (IB-3, Eiko) and examined under a scanning electron microscope (S-510, Hitachi) at an accelerating voltage of 5-10 KV. For light microscopy, some animals were injected with India ink, decalcified in PlankRychlo solution, sectioned at from 100 to 150 microns in thickness with a freezing microtome and mounted unstained. Paraffin and epoxy resin embedded sections were also prepared in the usual manner.
Results
In the 19-day embryo, the tooth germ was at the early bell stage of tooth development. The inner and outer enamel epithelium, stellate reticulum, stratum intermedium, dental papilla and dental follicle could be clearly distinguished, whereas no differentiation into ameloblasts or odontoblasts had yet taken place (Fig. la) . At this stage, the enamel organ received its nutritional supply through the capillaries of the outer enamel epithelium and dental papilla (Fig. lb) . These were interconnected with each other in the cervical region of the enamel organ and formed a flattened capillary network around it . However, no blood capillaries were observed to enter the enamel organ (Fig. lc) .
In the 21-day embryo, with the beginning of differentiation of the inner enamel epithelium into ameloblasts, mesenchymal cells situated in close proximity to the inner enamel epithelium began to differentiate into odontoblasts, but deposition of organic substances had not yet commenced (Fig. 2a) . Some capillaries began to enter the enamel organ in the cuspal region (Fig. 2b) . These newly developed capillaries in the enamel organ grew by sprouting (Fig. 2c) .
By the 1st day after birth, dentinogenesis and amelogenesis had already commenced in the cuspal region (Fig. 3a) , where many capillaries were found in the enamel organ with interruption of the nutritional supply through the dental papilla by the deposition of organic substances of dentin and enamel. However, no blood capillaries were observed in the cervical region of the enamel organ, where deposition of dentin and enamel had not yet begun (Fig. 3b) . The capillaries in the enamel organ formed many hairpin-like loops towards the ameloblasts or inner enamel epithelium (Fig. 3c) .
By 5 days after birth, amelogenesis and dentinogenesis had progressed in all regions of the tooth crown. The capillaries in the enamel organ became increased in number and reached next to the stratum intermedium (Figs. 4a, 4b) , where they formed a flattened vascular network (Fig. 4c) .
Discussion
Vascularization of the rat molar enamel organ was first described by Addison and Appleton (1922)1) based on light microscopy. They reported that capillaries were found prior to the beginning of amelogenesis. Subsequently, Glasstone (1960)5), Decker (1967) 198519) ) observed blood capillaries in the enamel organ prior to deposition of dentin and enamel, while Bernick (1960)2) and Tasumi (1967)15) reported that the capillaries penetrated the enamel organ at the beginning of the appositional stage of tooth development. Capillaries in the rat enamel organ were also confirmed in the present study. The appearance of the capillaries in the enamel organ was at the 21-day embryo and prior to the beginning of dentin and enamel formation as reported by Glasstone5), Decker4) and Yoshida et al.18,19). The occurrence of capillaries before the nutritional supply through the dental papilla was interrupted by the deposition of dentin and enamel, may possibly be due to the high nutritional requirements of the ameloblasts following differentiation from the inner enamel epithelium.
With the advance of dentin and enamel formation, many capillaries entered the enamel organ and finally formed a flattened vascular network next to the stratum intermedium. These findings suggest that the capillaries in the enamel organ should be regarded as a change which affords a rapid and sufficient supply of metabolic substances necessary for amelogenesis, and also imply an important role for the stratum intermedium in enamel formation.
Two different patterns in the growth of the newly developed capillaries are 14,20) known3'12': one is sprouting and the other is loop formation. Schoefl and Majno (1964)14) speculated that these two different patterns could be interpreted as expressions of the rate of vascular growth, loops being a mode of slow expansion in response to a relatively mild stimulus, and sprouts representing a more rapid vascular growth under a stronger stimulus.
The process of entry of capillaries into the enamel organ has been described as "inva- The inner and outer enamel epithelium, stellate reticulum, stratum intermedium, dental papilla and dental follicle can be clearly distinguished, whereas no differentiation of ameloblasts or odontoblasts has yet taken place. EO: enamel organ, DP: dental papilla. Azan stain. x 120. lb: The enamel organ is surrounded by capillaries of the outer enamel epithelium and dental papilla.
No blood capillaries are seen entering the enamel organ. EO: enamel organ, DP: dental papilla. India-ink injection. x 75. l c: The capillaries of the outer enamel epithelium and dental papilla form a flattened network around the enamel organ. EO: enamel organ, DP: dental papilla.
Plate II Fig. 2 . 21-day embryo. 2a: Differentiation of the inner enamel epithelium into ameloblasts and of mesenchymal cells situated in close proximity to the inner enamel epithelium into odontoblasts has taken place, but deposition of organic substances has not yet commenced. EO: enamel organ, DP: dental papilla. Azan stain. x 120. 2b: Some capillaries begin to enter the enamel organ. EO: enamel organ, DP: dental papilla. India-ink injection. x 75. 2c: The newly developed capillaries in the enamel organ grow by sprouting. EO: enamel organ, DP: dental papilla.
Plate III Fig. 3 . 1st day after birth. 3a: Dentinogenesis and amelogenesis have already commenced in the cuspal region. Capillaries (C) in the enamel organ approach the stratum intermedium (SI). OEE: outer enamel epithelium, SR: stellate reticulum, AB: ameloblast, E: enamel, D: dentin. Toluidine blue stain. x 750. 3b: Many capillaries are found in the cuspal region, but no blood capillaries are observed in the cervical region of the enamel organ. EO: enamel organ, DP: dental papilla. India-ink injection. x 75. 
